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fore the pancreas protects itself further by synthesizing a small protein 
called pancreatic trypsin inhibitor. This competitive inhibitor binds so 
rightly to the active sit eo^yP sin t ' iat xt effec tively inactiv ates it even at very 
low concentrators ~" 
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uilibrium constant is about 10 u (moT/L)" 1 , corresponc 
-75 kj/mol. Only a tiny amount of trypsin inhibitor is present — far less 
rhan can inhibit all of the potential trypsin in the pancreas. Thus, only a 
fraction of the trypsin generated in the duodenum is inhibited, and the rest 
can be activated. Since protection is limited, zymogen activation can some- 
times be triggered in the pancreas — for example, if the pancreatic duct is 
blocked. The active enzymes then begin to digest the pancreatic tissue itself. 
This condition, called acute pancreatitis, is extremely painful and sometimes 
fatal. 



Blood Clotting 

Activation of zymogens is the key to another biologically important pro- 
cess — the clotting of vertebrate blood. If a blood clot is examined in the 
electron microscope, it is found to be composed of striated fibers of a pro- 
tein called fibrin (Figure 11.21a). The fibrin monomers are elongated mole- 
cules, about 46 nm long, that stick together in an staggered array as shown 
in Figure 11.21b and c. The fibrin monomers are derived from a precursor, 
fibrinogen, by proteolytic cleavages that release small fibrinopeptides. Loss 
of these peptides uncovers positions at which the fibrin molecules can stick 
together. After the clot is formed, it is further stabilized by covalent cross- 
links between glutamine and lysine residues. 

The proteolysis of fibrinogen to fibrin is catalyzed by the serine prote^ 
ase thrombin. Thrombin has sequence and structural similarities to trypsin, 
but, as a protease with a very specific function, it cleaves only a few types of 
bonds, mainly (Arg-Gly). Thrombin itself is produced from prothrombin 
by another specific protease; in fact, as Figure 1 1.22 shows, there is a whole 
cascade of proteolytic activation reactions that lead ultimately to the forma- 
tion of a fibrin clot. Involved are a series of proteases referred to as factors. 
In damaged tissues, the proteins kininogen and kallikrein activate factor XII 
(also called Hageman factor), which in turn activates factor XI — and the 
cascade of reactions proceeds as shown. This is called the intrinsic pathway. 
Alternatively, damage to blood vessels leads to the release of tissue factor 
and activation of factor VII, starting the extrinsic pathway. The two path- 
ways merge in the activation of factor X, which will proteolyze and thereby 
activate prothrombin. 

Some of the activation steps require auxiliary proteins. For example, 
activation of factor X in the intrinsic pathway by factor IX (Christmas 
factor) requires a 330-kDa protein called antihemophilic factor (factor 
VIII). It is the partial or complete absence of factor VIII activity that is the 
cause of classic hemophilia. The gene for factor VIII is carried on the X 
chromosome, so women, who have two copies of this chromosome, can be 
heterozygous carriers of the trait but will exhibit the symptoms only if they 
are homozygous. However, a male descendent who receives on his single X 
chromosome the damaged copy of the factor VIII gene will experience more 
or less severe difficulty in blood clotting. The condition can now be treated 
by frequent transfusions of a blood serum fraction concentrated in factor 
VIII. The gene for this protein has recently been cloned and expressed in 
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Figure 11.20 

Activation of chymotrypsinogen. A sche- 
matic view of the molecule. Cleavage be- 
tween amino acids 15 and 16 (arrow) 
results in the formation of tt- 
chymotrypsin (green and gray regions). 
Subsequent removal of the segments 
shown in gray yields a-chymotrypsin. 
Note that disulfide bonds hold the struc- 
ture together despite these cleavages. 
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Figure 11.21 

Formation of a blood clot, (a) Red blood cells enmeshed in the insoluble strands 
of a fibrin clot, (b) Electron micrograph of part of a fibrin fiber, (c) Schematic 
view of how fibrin monomers are thought to associate to form a clot fiber. 
Removal of fibrinopeptides A and B from fibrinogen by thrombin makes sites 
accessible for association with complementary sites a and b on adjacent mono- 
mers. The molecules are believed to overlap as shown, since the spacing seen in 
the fibers (see b above) is 23 nm — exactly half the length of the fibrinogen mole- 
cule. 
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bacteria, and the availability of this synthetic factor VIII may allow such 
patients to avoid the dangers of regular transfusions. 

Regulation by Control of 
Enzyme Synthesis and Degradation 

All the forms of enzyme regulation we have described so far have one fea- 
ture in common: they modify the actiy^t^gl^n^mjesjthat are already p rgs- 
ent in the cell or tissue. 




Figure 11.22 

The cascade process in blood clotting. 
Each factor in the pathway can exist in 
an inactive form (red) or an active form 
(green). The cascade of proteolytic activa- 
tions can start from exposure of blood at 
damaged tissue surfaces (intrinsic path- 
way) or from internal trauma to blood 
vessels (extrinsic pathway). The common, 
result is activation of fibrinogen to clot- 
ting fibrin. Auxiliary factors that aid 
some steps are also shown. Asterisk (*) 
denotes serine proteases. 
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